The purpose of this study was to build a healthcare quality assessment system with disease category as the basic unit of assessment based on the principles of case classifi cation, and to assess the quality of care in a large hospital in Shanghai. Using the Delphi method, four quality indicators were selected. The data of 124,125 patients discharged from a large general hospital in Shanghai, from October 1, 2004 to September 30, 2007, were used to establish quality indicators estimates for each disease. The data of 51,760 discharged patients from October 1, 2007 to September 30, 2008 were used as the testing sample, and the standard scores of each quality indicator for each clinical department were calculated. Then the total score of various clinical departments in the hospital was calculated based on the differences between the practical scores and the standard. Based on quality assessment scores, we found that the quality of healthcare in departments of thyroid and mammary gland surgery, obstetrics and gynaecology, stomatology, dermatology, and paediatrics was better than in other departments. Implementation of the case classifi cation for healthcare quality assessment permitted the comparison of quality among different healthcare departments.
Introduction
Diagnosis Related Groups (DRGs) have been successfully implemented in the United States and have been widely applied in medical planning and medical cost containment since their development as part of a prospective payment system in Medicare (Burik & Nackel 1981; Paul & Julie 1982) . DRGs have become a tool that health insurance agencies use to determine reimbursements for hospital costs, and they have also influenced the operating mode of hospitals.
DRG models have been adopted worldwide. Several Asian countries, including South Korea and Singapore, use DRGs as a measurement platform for controlling costs (Adam 2007) . Japan is developing Japanese-specific DRGs, having concluded from studies that a DRGbased payment system might help control medical costs (Kawabuchi 2000; Wang et al. 2010) . In 1985, Australia experimented with the American system before developing its own DRG-system. Germany and Switzerland, borrowing from the Australian system, have implemented DRGs within the last 10 years, while Austria, Ireland, Finland, Portugal, Spain and Sweden already use DRGs to calibrate at least parts of the hospital budget (WHO 2007; Mossialos & Le 1999) . The Finnish experience has shown that the adoption of a pricing system based on DRGs was associated with greater transparency regarding hospital charges and more accurate cost information. DRGs have become an important standard and a valuable means by which to assess hospital services. A World Health Organization (WHO) report concluded that DRGs are the best-known examples of mechanisms for controlling costs and improving internal efficiency (Langenbrunner et al. 2005) .
With widespread adoption of DRGs, funding policies and funding models that use DRGs encourage change in clinical service delivery. The median length of stay in hospitals and associated costs has decreased, and behaviours pertaining to the use of healthcare services have changed (Forgione et al. 2004; Mutter, Rosko & Wong 2008) . Researchers suggested that the quality of healthcare would improve with the implementation of DRGs, but findings have been mixed (Forgione et al. 2004; Matthew et al. 2008; Ferraz-Nunes 2001; Ballard 2003) . Nevertheless, the application of DRGs was expanded to the performance assessment of healthcare services after their introduction in European countries, and DRGs have become the basis for economic comparisons among hospitals (Roger 1988) .
China is facing the same problem on how to assess the productivity and quality of hospital services and how to control increasing medical costs. Chinese hospitals used to utilise traditional quality indicators, including cure rate, median length of stay, bed turnover rate, mortality rate, and diagnostic accordance rate to assess the healthcare quality in various clinical departments of the hospitals, but without considering the disease category and severity. Classifying the severity of disease is essential Research to a complete assessment of healthcare quality (Thomas & Longo 1990) .
However, healthcare delivery systems in China, which differ from those in other countries, are not universally conducive to use of currently available DRGs. Diagnostic codes and medical terminology are not standardised in China. Some, but not all hospitals, have adopted International Classification of Disease-9 (ICD-9) coding, resulting in different diagnoses listed on the first page of the medical record between hospitals that have and have not adopted ICD-9. Without a universal hospital information system (HIS), data from Chinese hospitals cannot be easily centralised and analysed. However, with the development of diagnosis coding and electronic inpatient information systems, case classification has been improved gradually. The General Political Department of the People's Liberation Army affirmed case classification theory and had issued a notice to promote the use of case classification in all military hospitals. Currently, case classification has been generalised and applied in all the military hospitals in China and in hospitals in Beijing, Shanghai, Hangzhou, and Shenzhen. The PKUDRGs (Diagnosis Related Groups developed by Peking University) are a recent development, and have not been validated for risk adjustment (Jian et al. 2009 ). The healthcare quality assessment indices play an important role in the processes and outcomes of healthcare delivery and the effects of quality control on the efficiency of hospital operation (Kunkel, Rosenqvist & Westerling 2007; Glance et al. 2008; Mutter et al. 2008 ). Healthcare quality assessment indices designed specifically for the Chinese healthcare system would permit horizontal comparisons as well as timely and effective analyses.
Both case classification and Diagnosis Related Group (DRG) are casemix classification schemes that consider diagnosis and severity of disease. The disease categorybased case classification and casemix method can reflect differences in therapies and costs for patients with the same disease . Case-classification enhances the credibility of healthcare quality assessment by permitting comparisons among hospitals that admit patients with varying severity of disease. It facilitates comparisons between major medical centers, which often care for the sickest patients, and small hospitals that only treat uncomplicated patients, and it renders unnecessary the 'gaming' of the system by attempting to improve scores by attracting the healthiest patients and refusing to treat the sickest. Case classification also allows for horizontal comparisons among hospitals of the same size but with different patient populations. The utilisation of case classification in the assessment of institutional and personal healthcare services and medical cost control, patient satisfaction, medical disputes, and unusually long hospital stay has also been affirmed (Lv, Fu et al. 2005; Lv, Wang et al. 2004 ).
Aim of the study
The aims of the study were (a) to build a healthcare quality assessment index, (b) to use case classification to assess the quality of care provided in hospitals, and (c) to explore the role of case classification in improving the comparability of the quality of healthcare. This study used data from one of two large general hospitals with more than 1,800 beds in a district of Shanghai that had a population of 1,194,800 people in 2009. This study attempted to use the information provided by case classification to improve current healthcare quality assessment and to further develop the system of case classification management.
Method

Theory and methods of case classifi cation system in China
Working on case classification in the 1980s, Jun Ma of Tianjin Institute of Hospital Management System in China, developed a 'catch-all model', which classifies and manages patients according to severity of disease. Ma and his colleagues divided patients into three groups, A, B, and C, according to a whole host of criteria including severity of disease, course of disease, pathological changes, age, complications and co-existing diseases, and complexity of diagnosis and treatment. Building on Ma's work, Zhang classified patients into four categories: simple common type (type A), simple emergency type (type B), complex difficult type (type C), and complex critical type (type D) (Zhang et al.1998) . A, B, C, and D cases require routine, emergency, more complex, and active rescue treatments, respectively. A classification that combines the case classification category, A, B, C, or D, with the first three digits of the ICD-9 Principal Diagnosis code can be constructed. For example, 002A is the case classification combination for a 'simple common type' of disease with the ICD-9 code 002, the code for typhoid fever. Each disease category-based case classification is associated with similar disease conditions, course of treatment, diagnostic and treatment procedures, and demand for healthcare resources. The basic research unit in this paper is the disease category-based case classification combination.
In order to overcome the shortcomings of manual classification (slowness and a lack of consistency among the individuals undertaking the work), researchers from the Second Military Medical University, Hangzhou Chuangye and Beijing Huali Software Groups developed the software of 'case classification-based quality and cost management system'. The system uses linear correlation analysis, logistic regression analysis, cluster analysis, and other statistical methods to screen case classification indices based on the information provided on the first page of the medical records in the hospital information management system. There are 12 indices for patients not undergoing operations and 21 case classification indices for patients undergoing operation. These indices were Research used to establish a linear discriminant function based on the Mahalanobis distance. Next, the value of each index for each patient was entered into the program for the purpose of classification discrimination, using 'Y' to stand for the discriminant function. Group AB and CD were first separated, and then group AB was divided into types A and B, and group CD was divided into types C and D.
Take patients undergoing operations, for instance: the 21 case classification indices include the number of diagnosis, intensive nursing care (yes or no), critically ill at admission (yes or no), emergency at admission (yes or no), times of resuscitation, use of general anesthesia (yes or no), use of local anesthesia (yes or no), use of both local and general anesthesia (yes or no), admission from outpatient department (yes or no), admission from emergency department (yes or no), receipt of blood transfusion (yes or no), healing condition of wound (6 indices from which to choose), number of days in intensive care, number of times of surgery, complications (yes or no), and operative time. These indices were used to establish a linear discriminant function based on the Mahalanobis distance. (The discrimination formulae are included in Appendix A).
We carried out a long-term observational study and found that most patients in the type A case group were young or middle-aged, with the majority suffering from common or chronic disease and experiencing hospital stays that were longer than those of patients who were simple emergency cases. Most patients in the type B case group were young or middle-aged, who suffered from a common, self-limiting acute disease, and had shorter hospital stays than patients not classified as type B. In the type C case group, most patients suffered from chronic diseases, were in the early stages of complex diseases without being near death, and usually had long hospital stays. The disease condition of patients in the type D case group was complex and critical. The median length of hospital stays among patients in type D group was long, but some succumbed early during the hospitalisation. Type C and D patients had higher costs than type A patients, whose costs were higher than those of type B patients; the median daily cost of type D cases was highest. Although the median length of hospital stay of type D patients was longer due to their complex and severe conditions, the length of hospital stay of patients who did not survive was shorter and the cost was less. Therefore, the cost per visit of type D patients was not compared with that of other three types of patients. The CD rate (the percentage of type C and type D cases in the hospital's patient population) was associated with the size of the hospital so that the larger the hospital, the higher the percentage of C and D cases .
Quality indicators based on case classifi cation and quality indicator estimates
The implementation of the healthcare quality assessment using case classification involves: selecting quality indicators; collecting historical data of discharged patients; establishing the estimates of the quality indicators for the case classification combination for each disease; calculating the standard scores of each quality indicators for each clinical department during the assessment period; and evaluating the clinical departments according to the differences between the actual values and the standard values.
Considering the ultimate goal of the healthcare quality assessment is to achieve optimal therapeutic effects with a short course of treatment at low cost, using the Delphi method, we selected four quality indicators: the median length of hospital stay; the per capita medical expenses; the cure rate (the number of discharged patients who were cured and improved)/the number of discharged patients x100%); and the rate of good-quality cases. We selected these four indicators because of their ability to reflect healthcare quality and because they are representative, comparable, sensitive, and easy to measure. The Delphi method is used in the study. Fifteen experts, of which ten were hospital administrators, three were biostatisticians, and two were hospital information management experts, were consulted. Evaluation indices and weight were determined after three rounds of expert consultation.
Using the data on the first page of medical records of 124,125 patients discharged from October 1, 2004 to September 30, 2007 in the database of the same large general hospital as the patients in the study sample, the software of 'case classification-based quality and cost management system' was used to perform case classification. The classification information of each case was combined with the ICD-9 Principal Diagnosis code and 2,286 disease category-based case classification combinations were obtained. Among them were 916 groups of disease category-based case classification combinations whose number of cases was greater or equal to 15, accounting for 95.1% of the total number of cases across all the disease category-based case classification combinations. SAS (version 9.1.3) software was used to carry out the statistical analyses. Results showed that the distributions of the median length of hospital stay and the per capita medical expense of the 916 disease categorybased case classifications were not normally distributed, leading to the decision to use median values as parameter estimates for the length of hospital stay and the per capita medical expenses. Table 1 shows the parameter estimates of the disease category-based case classification combinations for the first 20 out of 916 groups). Percentages were used as the parameter estimates for the cure rate of the case classification combination for each disease (Table 1) , and the estimates for the rate of good-quality cases of the case classification combination for each disease were generated directly using the software of 'case classification-based quality and cost management system' (Table 1 refers). The rate of good-quality cases refers to the percentage of good-quality cases among all the cases. Research Good-quality cases are the cases with a 'medical productivity index', also called the P value, greater than 90. The P value is a comprehensive index evaluating the quality and efficiency of the medical services. The index integrates information on case classification, level of medical defect, and classification of case prognosis. (See Appendix B for formula).
Research
Calculations for the standard scores of the quality indicators and the actual scores of various clinical departments
The disease category-based case classification combinations treated in each clinical department are often numerous. To avoid time-consuming and laborious calculations, we used a weighting method to calculate the standard scores of the median length of hospital stay, the per capita medical cost, the cure rate, and the rate of good-quality cases of various clinical departments. (See Appendix C for details).
Results
Using the scoring rules, the comprehensive scores and ranks of 31 clinical departments of the hospital were obtained (see Table 2 ). Table 2 shows that the healthcare quality of the different departments of the hospital in 2008 can be ranked and that objectives to reward highquality departments can be achieved by comparing the standard scores with the actual scores of various assessment indices for the hospital in that year. The median length of hospital stay was shorter than the calculated standard length of hospital stay in the departments of thyroid and breast surgery, obstetrics and gynaecology, dentistry, dermatology, and paediatrics of that hospital in 2008, which controlled the per capita medical cost effectively. The cure rate and the rate of good-quality cases in those five departments increased, and the healthcare quality of those five departments improved. Better healthcare quality was viewed in the departments of thyroid and breast surgery, gastrointestinal surgery, and nephrology. The respiratory and burn departments received low scores due to a substantial increase in the per capita medical cost and because of a substantial extension of the median length of hospital stay, respectively.
Discussion
Although disease category-based case classification combinations usually contain cases reported by one department, they sometimes contain cases reported by multiple departments. Cases in disease category-based case classification combinations have the same ICD-9 Principal Diagnosis code and disease severity, so they are comparable. Comparisons of quality indicators between departments can still reflect legitimate differences in clinical practice. Furthermore, the use of diseasecase classification in assessing performance is suited to inter-hospital comparisons as well as intra-hospital comparisons.
Limitation of the study
There were several limitations in our study. Several factors might affect the credibility or generalisability of this study. Case classification usually adopts computerised calculations, and its use requires that data be collected in specific formats to which all hospitals cannot necessarily adhere. Even when the method is employed, it ignores potentially important information not included on the first page of the chart. In addition, case classification is not easily adaptable to quality management in medical technology departments, which are responsible for important components of case diagnosis . In this study, the findings are further limited by the fact that the parameter estimates of various quality indicators of each disease category-based case classification were estimated using the median, a pointestimate method. The difference between the actual score of the index and the standard score of the index at one point during the assessment period is inevitable, and thus there will always be 'point addition' or 'point deduction'. However, if an interval estimation method is adopted to estimate the parameter estimates, the actual score of the parameters of most departments during the assessment period will fall within the confidence interval, rendering the exercise useless. It is necessary to carry out in-depth studies in the future to determine a reasonable interval. The research data were collected at a large academic medical center, and the results might not be generalisable to all hospital settings. Potentially important indicators including the incidence of nosocomial infections and the mortality rate were not studied in the interest of using the fewest indicators to reflect the largest amount of healthcare quality information. In addition, information concerning nosocomial infections is not available on the first page of the medical chart, and only information from the first page of the chart was used in the interest of simplicity.
Important areas for further study include the use of case classification to correct the assessment indices of healthcare quality, examine the quantity and quality of medical services, construct the case classification assessment system, and promote the continuous improvement of the healthcare services quality.
Implications
Case classification can be used to divide the target group into case classification combinations with same disease and similar disease conditions. Quality indicators can then be compared. In this way, assessment of quality among hospitals with different patient populations is more comparable and traceable and the assessment results are more reliable (Jian et al. 2007 ). Even though case classification in China is much simpler than DRGs developed in western countries, it fits the context of healthcare delivery system of China well and is being promoted by the health department of the Chinese People's Liberation Army, the Qinghai Provincial Health Department, and the Ministry of Health, People's Republic Research of China. Our results showing the feasibility of this approach may encourage departments to control medical costs and the median length of hospital stay and to improve the cure rate and the rate of good-quality cases, thereby improving the quality of healthcare.
Conclusions
Using data from the first page of each medical record to gather information about the ICD-9 Principal Diagnosis code and to determine whether to categorise patients as simple common (A), simple emergency (B), complex difficult (C), or complex critical (D) types of patients, we have demonstrated that these indicators can be used to evaluate the quality of hospital services. Using disease category as the basic assessment unit can make the assessment results more convenient for horizontal and vertical comparisons, including comparisons of departments in one hospital or comparisons among hospitals that admit patients with different degrees of severity.
Health services researchers acknowledge the need to move beyond 'measuring what is (easily) measured' by determining the validity of measures and finding methods that do not focus on a narrow definition of quality (Clancy 2007) . As researchers have recognised that the analysis of quality from one perspective does not give a complete picture, they have undertaken efforts to develop a theoretical systems approach to quality (Chuang & Inder 2009 ).
In conclusion, our case classification index was effective in assessing the quality of healthcare provided in hospitals. The quality of healthcare was effectively evaluated by establishing assessment indicators estimates based on a case classification combination of various diseases and using the parameters of the median length of hospital stay, medical costs per capita, cure rate, and the rate of good healthcare quality cases. A true reflection of the quality of healthcare was obtained when a system was used that incorporated a healthcare quality assessment index. As the basic unit of the assessment, the case classification combination increases the comparability of the cases and makes the assessment results more reliable.
